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tfhan rain or a ombination of rain and hi^ hunidity delay wheat 
hanreat, loaaes can occur In grain yield atwl/or grain quality. Yield 
loaaea can reault froa shattering, fr«B reduetlwi in test weight, and 
in the case of windrowed grain, from rooting of sprouting grain at 
the solliwindrow contact. Losaea In grain quality can result free 
reduction in test weight and fr<Mii sprouting. Sprouting causes a 
degradation of grain proteins ami atar<^es, hence flour quality is 
reduced (Gordon et al., 1977), and the grain price deteriorates to 
the value of feed grain. 

Climatic conditions In North Ikikota during harvest of hard red 
spring wheat are normally characterized by low rainfall, low 
humidity, arvl warm temperatures (Ramirez, 1972; 1973). These 
conditions favor rapid grain drying with little chance for biological 
damage to the grain. However, there is a 50 % probablity of receiving 
at least 0.1 inch rain per week during weeks 30 through 35 (last week 
in July to September) and a 155 probability for 0.60 inches during 
the same time period (Ramirez, 1973). Also, seeding occasionally is 
delayed in the spring, causing harvest to be extended into a cooler 
period of the year and hence a less favorable drying period. 

Although losses in grain yield ami quality are rain-induced, 
these losses do m>t necessarily occur because a standing or windrowed 
crop is wetted by rain (Wellington and Durham, 1958). Spike water 
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oonotntratlon In hard rad aprlng tdiaat Bust ba Inoraaaad to about 
t5-49S bafora sprouting is Initiatad in grain that has ovarooiaa 
doraanoy (Bauar Kid Blaok, 1983) • Tha tiaa raquirad to ovaroKsa this 
domanoy aftar tha eultivar has driad to 12-lbS watar oonoantration 
diffars with hard rad spring eultivars (Bauar and Blaok, 1983) • 

Tha spika oan aot as a watar rasarvoir froa t^ioh tiM grain oan 
imbiba (absorb) watar. Tha aeount of watar absorbad by saturatad 
vagatativa tissua of tha spika (gluaias, raohis, ato.) and in tha 
intarstitial araas of tha spikalats is suffioiant to inoraasa tha 
watar oonoantration in tha grain by 42 pareantaga units, assusing all 
tha watar is transfarrad from tha vagatativa parts to tha grain. Tha 
grain makas up about 72f of tha dry nattar of tha spika of hard rad 
spring idiaat (Bauar and Black, 1983). 

Ti^alan whaat grain (Australian soft irtiita tdiaat) absorbad 
watar at a rata of i^out 1.9 paroantaga unita par Iwiur in a linaar 
mannar fr«n 14S watar oonoantration to saturation at about ICOf 
concentration (Gordon at al. 1977) idien tha spikas wara misted 5 
minutes every hour and in tha interim kept in a high relative 
humidity environment. Water absorption rata by tha spike (head) was 
about 6 times more rapid than the absorption rata by tha grain over 
tha first 10 hours of iratting. Spikas, including grain, became 
saturatad at about 130-150K watar concentration, ovan^dry basis. Tha 
spikas therefore raquirad about 11 to 12 hours to baooma saturatad 
from an initial watar concentration of about 14S. Spika watar 
absorption rata of Wared hard rad spring whest was about 1 paroantaga 
unit per minute over a 50>minuta period (Bauar and Blaok, 1983)* 
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Grtlii of OUf absorbod v«ter at a rate of 1.7 p«ts}aiitaia unita 

par hour in spl^a ^uilibratad for IS hours aftor bolng aistad to 
1451 uatar oonomtratlon (Bauer nnd Blaok« 1963)* 

Ha'rd rad spring uhaat is haraastad by either the swith*eoiid»ina 
method or by straight oomblning (simultaneous cutting and thrashing) 
in the northern Great Plains of the United States and Canada. The 
advantages provided by the swath>eomblne method over stfvii^t 
combining are: (a) the crop is better proteoted from wind, hail, and 
frost when it is in windrows, b) green weeds are eliminated as s 
threshing problem, e) grain water eoneentration is equalised where 
field ripening is net uniform beoause of soil and topographie 
differenoes, d) the cost to artificially dry grain to assure ssfe 
storage is eliminated or reduoed, and e) potential losaea from sawfly 
infestations are reduoed (Dmlds, 1967). But the 8wsth-OMd>lne method 
requires additional equitmient, su^ as a swather and ocMSbine plekt4> 
attachment, as well as labor and fuel to operate the sirather. 

This study was conducted to evaluate and o(NB|Nire the effmst of 
rain on threshing- ready standing and windrowed hard red spring tdieat 
grain yield and quality. A goal is to develop capability to forecast 
the extent of expected loss of grain yield and quality from specific 
climatic events that delay threshing. 


i 
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MATERIALS AND MBTH(^ 

Field experlmnts were ocx^uoted in 1979 f 1930i end 1981 on 
privately-oimed firm fields. The sMith*oonbine end stmiaht oonbine 
nethods of harvesting were o<»apared each year by Measuring grain 
yield, teat weight, and grain nitrogm (protein) eornswitration. 
Conpariaona alao were nade among three swathing stubble heights in 
1980, and between two swathing widths in 1981. Other meaauremmta 
were made some yeara which are described tsfider the si^ifio year. 
Pam-siced swathers and combines were used in all harvesting 
procedures. 

The combine-threshed grain was collected in bags, ovm-dried at 
156^p, cleaned, and weighed. Yield measurements were based on the 
total quantity from eadi plot calculated at 60 pounds per bushel. 
Test weight Masurements were based on a quart volume randomly 
removed from the total sample. Grain nitrogM) concentration was 
measured by a micro-Kjeldahl procedure (Shuman et al., 1973). All 
measurements are expressed in terms of oven-dry grain. 

Following threshing, a square meter (1.2 square yards) area was 
vacuumed in the cmter of eadi plot to pick up grain that had fallwi 
to the soil surface. The kernels were separated from the soil and 
sf'aw, oven-dried, then counted and weighed. 

When rainfall did net occur to wet the crop, miter ms sprinkler 
irrigated on the windrows and the standing crop to simulate rain. 
The amount of water applied by sprinkler was measured with cans 
placed on the area blanketed by the sprinklers. Rain was measured 
with a standard rain gauge. 
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1979 

Plots ware •stablished on Ssptsnbor 7 In a field s««d«d to a 
mixture of several hard red spring wheat eultivarst Sadi plot of 
standing and wlndrowed crop was an area 10.5 fiat wide and 60 feat 
l<mg. The swath stubble height was about 10 Inohes. Baoh treatment 
of six threshing dates and two harvesting methods (straight and 
swath-oombine) was repeated three times. Except for 0.82 indies 
rain, all water applied on a given day vas sprlnkler-lrrlgated on the 
plots over a period of 45 minutes at a i^te of about an Indt per hour 
(Table 1). 

1980 

Plots were established in a field of Wared hard red spring 
wheat. Swathed plots were out on August 7 at stubble heights of 4, 

9 I and 14 Inohes. Each plot of standing and wlndrowed orop was an 
area 10.5 feet wide and 45 feet long. Bach treatment of six 
threshing dates and of harvesting methods (straight a.'Wl swath-oMblne 
of three stubble cutting heights) was repeated three times. However, 
because of threshing problems, data of the first threshing date are 
not included In the text. The plot areas were wetted with more than 
10 inches of water, with sll^tly more than 6 Inohes from rain (Table 
1). Water sprinkled on the plots on a given day was ai^lled over a 
period of 45 minutes at a rate of about 1.5 Inohes per hour. 

The number of (tomaged kernels (sprmited and discolored) was 
determined from a 0.5 pint subsample randomly reiMved from the total 
sample. Each kernel was examined under magnification. The kernel 
was classed as sprouted when the ooleoptile was visible, and as 
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disoolortd wh«n (terk blemish** were observed. When the kernel tms 
both sproutec end diseolored It mis oleMod ae spr^^. The 
exaainetion of keraele wee awde by one person. 

1981 

The plots wsre established in a field of Olaf hard red spring 
wheat. SMthed plots were out on August 16 leaving a stubble hei^t 
of about 9 inehes. All plots were 50 feet long. The standing orop 
plots and on* set of plots of swathed orop were 10.5 feet widei and 
the other set of plots of swathed orop was 15 feet wide. Eaoh 
treatamt of six threshing tetes and of harvestii% aethods (straight 
and swath-c<Mblne of two swath widths) was repeated four tlaes. 

Hater sprinkled on the plots was applied over a 2.5 to 2.754ua}r 
period, usually beginning about 4 o'clock in the af^moon (Table 
1). Following the SMond threshing, the windr<n» were covered with 
clear plastic Meeting at about 9:00 aa (CDT) on the day after 
sprinkling. The plastic sheet was left on the windrows for 24 hours 
after the second threshing date, for 55 hours after the third 
threshing date, and for 78 hMirs after eaoh of tiM fourth and fifth 
threshing dates. 

The nuatwr of sprouts snd of discolored kernels was deterained 
under Bonification froa a constant voluae subaaaple of abmit 200 
kernels. The systea to deteraine daaage mis identioal to the one 
described above in I960. The saae person Mde ttM enainations in 
1980 and 1981. 

Straw ittter cMicentratlon was deterained on a wbsaigile Mlleoted 
at threshing, weighing the straw before and after oven drying at 
156 <>f. 


jgSULIS AMD BKCUSSION 

Tht aammt of mUr r*ciuip«d to wot o crop it rilotlYOly mhU* 

To illustrttoi tho wtor in tht gr^ln and ttrait of ■ hard rad a^ing 
whMt orop srlalding W buahtla pti* aorti Mturat^ to tiator 
oMMontratlon, titi^ abmit 9(H» pounda. CStraw and grain tiaight art 
about a<|ual in a orop Mhi^ ytalda ^ tntahala par aerat Bmiar and 
Zubrlaki, 1978). Nino thouaand pounda of Mitar ia aquii»iant to 0.08 
in^aa rain falling on aera* (An iiMh of Mtar oaar an aera 
walgha 113*26 tona). Hotfaaar, a aUnding orop of apring idMat aaadad 
In 6 to 7 ii^ roua uill not ba aaturatad by 0.08 inehM rain baoauaa 
not all tha rain will abrika tha orop. If ona wara to aaoioM that 
only 259 atrikaa tha orop and that all tha rain atriking tha orop ia 
abaorbad and n«ia ia avap^tad, than Uia aaoiwit of watar naadad 
would ba mippliad by 0.16 in^aa lOin. 

Aaatming a rainfall rata alow moD^h ao that no runoff oeourot 
the aaount of rain naadad to saturata yard -w Ida windrows of a orop of 
varieua yialda. out with a auaUMr of imrioua widtha. ia Mrawn in 
Figure 1. Tha aaount of rain raquirad to saturata a windrow is 
graatar than ia raquirad t&r tha standing orop baomaa tha windrow ia 
oonoantratad in a saallar area. Tha quantity of tiaaiM in a windrow 
will vary with tha quantity produe^ par unit araai stut^la cutting 
haight. and with si«th width. A yard-wida windrow of a 30 buahal par 
aera orop out with an l8-foot mmthar oan ba aatentad with about 
0.21 inches rain, assuning all tha rain striking Um windrow is 
absorbad and nona is avaporatad. (Hiiidiast raeordad state avaraga 
wheat yield in North I^kota is 28*6 Iniahala par aera in 1971{ 

1978 ). 
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Qraln titld 

Mirv«st«d grain yltltfs differed between the etrai^t and 
SMath*oeart>lning aethoda when th^ windrows were fSsraed with a 
10.5-feot M«th out at about a 9-ln^ heli^t Mly In 1979 (Table 2)i 
and then only at the first aiw* sixth thre^li^ dates. On the first 
(bite, yields were higher on straight conblned plots and on the aix^ 
date on windrowed plots. (The low yield in the wiiwlrw at the first 
threshing date is attributed to experlnental err^). The aa^t of 
grain loss by shattering in 1979, as aoamrsd by the aaount vaouuasd 
free the plots (Table 3), generally rafleoted the sum tr«fid as the 
threshed yield in that shatter ing losses were hif^est with straight 
ooahining by the sixth threshing date. 

Shattering losses in Olaf wheat in 1981 also were higher on 
straight ooBbining thwi on windrows, st the fourth and fifth 
threshings (Table 3)« But they were lower at the sixth thre^ing. 

The reason fm* the arrant less loss at the sixth threshing date is 
thst aore of ttM i^in that had been shattered fVoa ^e standing or^ 
sprouted and beoaae anchored to the soil, and therefore was net 
vaeuuaed 

Shattering is caused by Um transfer of energy to a wheat head by 
raindrop ii^Mt, wtether the head is a standing o*' windrowed 
crop. Less shattering is likely in the windrowed orop because fewer 
heads are exposed to direct hits, tflixi too cm cause stattering in 
the standing crop when the speed is great mough to eause heads to 
strike other heads or steas. The Mse of shattering, hows^er. 


differs aneng varieties 
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Mrvttttd fr«in jrltlOa in I960 on 4-inoli atubbla nvargad 5*2 
buthaU par aera tii^r than on tha 9-in^ atuMla and 8.9 hl^har 
than on l^-inoli atubbia (Tabia t), abmit lb to 231 dlffar^^. 

Purthari yialda on t-ineh atubbla Mara oMiaiatmtly hi<har than on 
Ib-lnoh atubbla at all thraahing datea, and hl^r thnu oi» 9-inoh 
stubbla m all axMpt tha alxth thra^ing. Tha lowar harvaatad 
yialda on tallar stubbla is attributed to nora extensive vindroM:seil 
oontaet, thus allowing nore of the sprouting srsin to baoeoa anohorad 
to tha soil. ttM tallar stubbla is lass rigid and bands am*a easily 
under windrow weight allowing aora of tha windrow to lie on tha soil 
instead of being supported above tha soil surfaea. Also, on tha 
Ib-in^ stubblat of tha windrow fall throu^ tha stubbla during 
tha first rain, allowing axtansiva sprouting and head anohoring to 
ooeur. Windrows are pushed into Mid through stubbla by tha Miai^ 
that is transferred froQ raindrop ii^iaet. 

The voltuM and length of straw in tha windraws is raduo^ as 
stubbla Mtting hai^t iiwiraasas. The lowar tl^ voluaa of straw in 
relation to stubble haight the aora easily tha windrow will be foreed 
down through tha t^right stubbla by rain. In l^« the avaioga 
hel|0t of Wared wheat was 28 inches hanea the proportion of stubbla 
height to straw length was l:f/, 1:2, and 1:1 tor <t.in<di, 9-inoh, and • 

lA.ineh stubble, raspaottvely. Tha voluaa of tissue in tha windrows 
froB a given cutting haight will vary with swath width. Hanea erep 
height, stubble cutting hai^t, and wath width (spike population) 
need to be cMisidered to deternina the ideal windrow volim to 
support :m the stubble. However, consideratlmi nay need to be giVMi 
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•Iso to th« ratio of materlal-other-than -grain to grain for maxinum 
efftcimey in aapmtlng gnin fpm straw as thsM pass ow«r the 
eoBbino straw-walker (Reed et al.. 1070). In 1^, R.32 inches rain 
MIS reeeived befm« the firat wlmlrows were pieked and thrashwi 
(Table 1). The Initial 2.02 Inches in one stera within 3 (teys 
after swathing, and this was follOMd by another 1.10 inches a week 
after the first storm. 

Although the short stubble gave better support to windrows and 
provided a yield advantage over taller stul^le In a wet harvest year 
like 1980, some of the yield advantage gained at harvest with ^ort 
stubble may be offset in some succeeding years because short stubble 
has less snow-trapping capability than tall stubble. With less 
snow-trapping there is a reduetlMi in the water storage potmtial 
for the next crop. This is illustrated fr«a four years data 
developed at Mandan <ki 14 -inch stubble, each inch of stubble 
above 2 Inches height increased the average available soil water 
content O.IS inches In the tg>per i feet of soil fr«s late autiam to 
spring seeding, a total of 1.80 indies, while on 8-indi stubble, eadi 
Inch of stubble above 2 Inches height increased the soil water 
contoit about 0.09 Inches in the upper 3 feet over the same time 
period. The long-t«im average contribution to wheat grain yield from 
an Inch of stored soil water at seeding Is about 2.4 bushels per acre 
<Bauer, 1972). 

Swath width, 10.5 versus 15 feet, had no effect of grain yield in 
1981 (Table 5). 


1/ Unpublished data, Bauer 
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The effect of harvesting Mthod on grain test weight %fss not 
consistent with years (Table 6). In 1979 there was no differenoe 
between ■ethods* In I960 the test wei^t t»s lower in the windiwmed 
crop at all threshing daUs. In 1981 test wei^ts were lower in 
wiiwlrowed crop on the third through sixth threshing dates* 

The differwnce in test weight between harvesting mthods likely 
is associated with differenoes in rate of drying. The spikes of the 
standing crop dry faster than the spikes in windiwnis beeauae of 
better air oiroulation. Mith acre rapid drying* less water is 
imbibed by the grain. Seeds swell %d)«i they take up water and rMnln 
partially swelled after drying. This irreversible change in seed 
size is the cause of lowering of test wei^t (Citw* 1981). The 
extent of swelling likely is related to the MMunt of v«ter absorbed 
above an unknown minimum amount required to initiate expansion. 

Because of the arm. dry weather that prevailed in 1979* the 
water sprinkled on the windrows and standing crop evaporated 
rapidly. Hence water uptake by the grain fr<M sprinkling was minimal 
and no change in test weight occurred. 

In 1980, no measurament of test tMight mbs obtained before k.32 
Inches of rain wetted the wirklrows, hence the change that occurred 
because of the rain is unknown. However* test weight was 
consistmtly higher in the standing crop than the ulndrovred crop. 
Also, test uel^t of grain from windrows on the 14«inch stubble was 
about 0.7 pounds per bushel lower than grain from 9-lndi stubble 
windrows (Table 7), but did not differ that of the 4«inoh 
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stubblt. A Isfiitr porti^ of tho tflndrow on l4-inali atubble mad* 
soil eontaot, and ao drying rata likely Mia alovier than in irit^rotfa 
on the 9*in(d) atubble. 

After the aeo^ threittilng in 1981 • the windrmm were ooverad 
with clear plastic aheeta about 16 houra after wetting, to reduce the 
rate of drying in the wimlrows relative to the standing crop. The 
affect of this treatment is af^rmt in the lower test wei^ts, shotm 
in data in Table 6* Also, the lower test weight associated with ^e 
15*foot smths colored to ttw 10.5-foot swaUis in 1981 (Table 5) 
appear to be a refleotim of a slower drying rate in the larger 
windrows. 

These data show that the length of time that water is present to 
be absorbed the grain is a major fiwstcw* in causing a decrease in 
test weight. A decrease in test vei^t dMs not necessarily occur 
with ea<d) rain event. The eff«:t on test wei(^t of l«figth of tine 
water can be absorbed by t*ie grain is provided by the 1980 ami 1981 
data. Test weii^t of grain in windrows t»s lower than in the 
standing crop because windrows dried nore slowly. Hater available 
fm* absorption by the grain after rainfall ceases includes water 
adsorbed to and abaorbml by spike tissue. In the ease of windrows, 
additional mter absorbed by the grain can c<^ from the straw. 

Grain Protein 

Grain nitrogen concentration (protein) differml between 
harvesting methods in 1980 (Table 8), but not in 1979 and 1981. The 
difference at the fourth threshing in 1979 was m>t found at the other 
threshing dates. In 1980, the grain nitrogen was lower in the 9-inoh 
stubble swathed crop than stamling crop, an averse of 0.20 
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pvretntt^ units ovtr ths flvs thrsshlng <lnt«s. &it, thsr« mm no 
dlffsrsnos in grain nltrogan oonoantmtlon afl»ng tha thraa sMith, 
stubbla«outtlng halghts as threahsd in ths fisld (Tabls 7)> that ISi 
bafora saparatlon of froa "daaagad** karnala* Fttrthar* tha 

eoneantratlon ana loMsr In tha "good* kamals on tha 9-lnoh atubbla 
and Mas hl^ar In tha **daBagad'* kamals of tha standing crop than any 
of the windrowad crop (Table 7). Ito reason can be glv^ for this 
aiwnalous outoMs. 

Within any stubble hel^t, nitrogen concentration In the 
"dsaaged" kamals averaged cmslstently higher than In tha "good* 
kernels. Tha reason for the hl^er nitrogen concentration in 
"danaged" grain Is that in the process of sprouting, carbohydrates 
are oonsuaed In respiration and oarboi dioxide is ralaaaad* With tha 
loss of carbohydrates, the apparent nitrogen ooncmtratlon 
increases. Also one «>uld expect protein synthesis taking place as 
germination begins. Proteins are not consuaed during raspirati<Mn but 
are utilized in the synthesis of other organic nitrogenous coopounds 
(Meyer and Arxlerson, 1952). 

Swath width, 10,5 versus 15 feat, had no effect on grain nitrogm 
concentration in 1981 (Table 5), 

Grain Daaaaa 

Damage to grain, sprouting plus discoloration, was severe in the 
high rainfall year 1980, and in geneml increased with delayed 
threshing (Table 9, 10). At the initial threshing, damage was hi^er 
on the 9«inoh than either the b-lnoh or l4>lneh stubbles. On the 
subsequent threshings, damage was as high or higher in grain on 
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M-inoh stubt>l« as on tho tallen atubblot. Tht rolatlvaly lontr 
.npi^uttng paroantaga on tha 9* and lb -inch atubOlaa ta llkaly a 
raflactlon of aproutad grain baeoming anohorad to the soil and not 
being plekad up and Included In tha thraahad grain, Daaaga vaa also 
obaarvad in grain harvaatad by tha atraight otmbina Mthod (Tabla 
\0), tha aavarlty of danaga waa roughly 50f laac. Thla outooaia 
su^^orts tha preniaa tt»t spikaa on the standing crop dry faster than 
spikes in tha uindroua. 

Danaga to kamala was lass aavara in 19 BI (Tabla 10) than 1980, 
Diffaranoas batwa^ harvaating nathoda ware not algnlfioant until tha 
fourth threshing. Oovaring tha windrows with clear plastic sheets to 
reduca the drying rata also likely raised tha tenparature of tha 
windrow and contributed to inoreasad danaga. Mora of tha danaga was 
a result of niorobial activity, as reflected by dlsoolomtion, than 
sprouting. (Data are not shown). 

Crain damage (sprout plus discoloration) of leas than 35 
ditTarenoe was statistloally significant between the 10.5 and 15-foot 
swaths in 1981 (Table 5)* 

Water in Straw 

Water oonoantmtion in tha straw of the 1981 standing crop wa 
consistently higher than in the straw froa windrows (Tabla 11). At 
the sane tine, the water oonowitration in tha grain, while differing 
slgnlfioantly, differed by no more than two percentage units between 
the wlndrowed and standing crop. Adroitly the straw of a standing 
crop continued to absorb water from tha soil after it was nature. 

Thla can affect tha ease of threshing grain to be straight combined. 
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SIM4ARY AND CONatSIONS 

I, Th« M»unt of Mittr nooOod to saturoto • landing crop of whoat 
yiaXdlng SO bu^tla par aora, grown In 6 to 7-ln<Ni apaetng, la 
abmit 0.16 ln<NiM» fN^oaldad that all tha rain atriklng ttia tUaua 
la ahacNThad by It arwl thara la no loaa by aaapwatlon. 

2* Yard>^lda wlndrora of a M-buahal par aora crop out with an 
I8*foot awathar can ba aaturatad with about 0.21 Inehaa raln» 
provldad thara la no runoff froM tha windrow and no watar loaa by 
avaporation. 

3. Harvaatad grain yielda dlffarad batwaan atralght ooablnlng and 
wlndrowa fomad with a lO.-S-foot awathar, laavlng a 9-ln<Ni 
atubbla, In ona yaar out of thraa and only at tha alxth thraahing 
<teta. 

t, Harvaat^ grain ylalda t»inch atubbla avaragad Itf and 23S 
hiidiar than 9-ln^ and l<t«in<^, raapaotlvaly. Loi« atubbla, 
laaa rigid, allowad a graatar opportunity for o^taot batwaan tha 
windrow and aoll. Alao, abort atraw aora raadily fall batwaan or 
Ma drlvan batwaan tha atubbla by ralndrt^ lagtMt and thua aada 
contact with tha aoll. Hora an<di<W'lng (apr<niting grain rooting 
in aoll) oecurrad on 9- and l<l-inoh atubbla than t«inoh atubbla. 

S. Aftar each rain, tha atar^ing orop loat aome of Ita araotnasa. 
Hanca tha required cnittlng height of atralght oonbinad crop ^a 
lowered with aadt data to aaaura that all aplkaa ware thraahad. 
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6. Test weight of grein differed bettiem straight o<Mibinlns snd 
swathing sobs years. The reason likely is assooiated with drying 
rate. Spikes of the standing crop dried faster than spikes in 
windrows I likely beoeuse of better air circulation. Seeds «rall 
when they take tater and r»aln at least partially swelled 
after subsequent drying* 

7. Grain protein differed between cutting methods in one year of 
three. Protein in sprauted kernels was at a higher coneentratiOT 
than in kernels i»t c^served to have sprouted. In the spirauting 
process* carbohydrates are eemsuaed with respiration ar^l carbon 
dioxide is released and lost. Proteins are not consumed in 
respiration. Hence* an apparent increase in protein is measured 
because of a decrease in carbohydrate concentration. 

8. Sprouting was severe in a year wh«i high rainfall occurred after 
the wheat had ripmed in the windrow. In general* severity 
increased with increased delay in threshing. Sprmiting also 
occurred in grain harvested by the straight eexabine method* tait 
the severity of damage tas about 50} less than in the windrowed 
crop. 

9. Water concentration in the straw of the I98l standing crop was 
consistently higher than in the straw in windrows at each 
threshing date* the smallest difference being 8 percentage units 
and the largest 27 percentage units. Siimjltaneously* the water 
coficentration in the grain was higher in standing grain than 
windrowed by no more than two peromtage units at any threshing 


date 
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Tabl« 1 , Intannil batutm nmthing and thriving, and Mount of uatar i^pllad to 
uindr^a and standing grain. 



Mathod 


2/ 


Zntarval ^ 

t<atar’^ 



data 

(faiya 

indiaa 

days 

inohas 

days 

inohas 

Swath 

1 

10 

0.82^ 

. 

4.32 
5.42|; 
6.76 f/ 
7.86|; 
10.03^ 

6 

0.06 


2 

13 

1.57 

18 

10 

1.40 


3 

17 

2.32 

21 

16 

Ifni/ 


4 

20 

3.08 

29 

22 


5 

24 

3.83 

35 

28 



6 

29 

4.58 

53 



straight 1 It 0.82 - - 

2 17 1.57 21 5.«I2^ 

3 20 2.33 28 7.86|> 

t » 3.08 35 S.96fj 

5 28 3.83 to 9.11^ 

6 32 t.6t 53 10.55"^ 



1/ Saa Tabla 2 for tha thrashing dataa. 

2/ Proa data of sua thing to thrashing. 

J/ Sua of rainfall and watar a^liad by aprinklar syataa. 

4/ Bxeapt fM* tha 0.82 indMS, all watar was appUad by aprinklar. 
f/ Of this total, t.32 inohas was rain. 

6/ Of this total, 5.66 indiaa was rain, 

f/ Of thia total, 5.81 inohas was rain. 

8/ Of this total, 6.15 indws was rain. 

f/ Windrows wars oovarad with plastio shaats during a 1.12-inoh rain avant. 
1^/ Of this total, 0.19 inohas was rain froa t storm. 

U/ Of thia total, 1.31 inohas was rain from 5 storm. 


TftbU 2. (k*tln yitld eoi^trUMia bttNtM ««th and Mrai^t oea^Uia MMMds of 
cuttlnc hard rad a^lns tdMat. 



teta hit/aa ^ hu/aJ^ bu/afl^ 


1 

27.7 d 

34.9 a 

m m 

27.2 a 

28.8 a 

2 

30.9 be 

32.6 ab 

30.9 a 

35.0 a 

26.7 a 

28.1 a 

3 

32.1 be 

33.1 ab 

^.0 a 

28.0 a 

28.2 a 

27.1 a 

4 

29.6 ed 

31.7 be 

32.1 a 

32.9 a 

26.2 a 

23.3 a 

5 

31.5 be 

31.3 be 

^.4 a 

34.6 a 

24.1 a 

23.1 a 

6 

30.8 be 

23.7 a 

34.5 a 

34.8 a 

22.0 a 

22.9 a 


1/ Thraaiilnc daUa: 1979 Swtht 9/17, 9/20, 9/24, 9/27, 10/01, 10/0«; 

1979 Straight: 9/21, 9/24, 9/27, 10/01, 10/04, 10/09S 

1980 Snath: 8/25, 8/28, 9/5, 9/11, 9/29t 

1980 Straisht: 8/28, 9/4, 9/11, 9/18, 9/29: 

1981 Snath: 8/24, 8/28, 9/3, 9/9, 9/15, 9/21: 

1981 Straight: 8/24, 8/28, 9/i, 9/9, 9/15, 9/21. 

2/ Stubhla haight 10 inehaa. 

\f Stubhla haight 9 inehaa. 

4/ Stubbla haight 9 inohaa. 

\f Out with 10.5 foot snathar. 

6/ Within a yaar, yiald data follonad by tha aaaa lattar do net diffar 
~ at tha 59 ocaifldMoa laval. 
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Tiblc 3* Oniitt vicuu— d flpoa tht fmaoA eoiiptrlRg siMfelMd moA ottAiM 

wtheda of outtinf hard rtd aprinc Ntiaat. 



Thra^ln^ Siiatto 

Sfawlaht 


Sti^lidit 



data 

1 

bu/ae 
b.2 b^ 

2.0 bo 

bu/ao 

l.ia^ 


bu/ao 

O.b a^ 0.8 a 

2 

1.6 e 

2.8 bo 

2.b a 

0.6 a 

0.7 a 

3 

2.8 be 

1.5 0 

8.7 a 

10.6 a 

1.6 da 

1.8 da 

b 

2.0 bo 

1.8 0 

b.9 a 

7.6 a 

1.8 da 

b.8 M 

5 

2.9 bo 

3.6 bo 

• 

• 

1.8 da 

3*6 tel 

6 

3a0 bo 

6.9 a 

16.8 a 

10.0 a 

9.2 a 

2.7 ad 


1/ Sm Tabla 2 far thra^ing dataa. 

1/ Within a yaar, data folloiiad by tha aaat lattar Ao not diffar at tiM 5$ 
~ eonfidttiM laval . 
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Tabu IffMt of atiMlt haiglit on grain ylald, I960. 


Stu^la hai^t. In^w 


Tnrmwhim ^ 

b 

9 


data 

2/ 

36.3 b 

bu/ao 

2 

30.9 ^ 

29.0 da 

3 

35.0 bo 

30.0 da 

29.9 da 

b 

bl«5 a 

32.1 bod 

30.8 od 

5 

bi.2 a 

36.3 b 

M).0 da 

6 

35.8 b 

3/ 

38.0 a 

3b, 5 bo 

» .2 a 


32.8 b 

29.1 b 


1/ Sm fabla 2 for thrashing datas. 

thasa Uiraa ooluans. yiald <tets foUoa^ by tha mm 
lattar do not diffar at tha 9f eonfldanea Uval. 
j/ Mithln this row. ylald data foll<»fad by tha a«M lattar do 
not dllTar at tiHi 59 oonfldanea laval. 
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Tkbl« 5* NMSurMmt ooi^Mrlsons vinirom trm 10.5* and 15- 

foot BMaths, 1^1. 


MaaaMreawit 

Grain yield (bu/M) ^ 
Test weight (Iba/bu) 
Grain nitrogen (Sli) 
Nuirtiar sprouted (t) J/ 
Number damaged {%) 


Swath width. 

feet 

10.5 

Jl. 

25.7 a 

25.7 

55.9 e 

55.1 

3.33 e 

3.37 

4 b 

5 

10 a 

7 


1/ Within a row, tte data followed by the asm letter do not differ 
at the 55 confidence level. 

2/ Percent of the total number of kernels in the sample. 
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Tiblt 6. Tist Mtlght eoMptrlaons batnatn ntafchad and atralght eenblna naUioda of 
fitting hard rad aprlng whaat. 


Yaar 



1379 


1980 


1981 



Hathod 


Hathod 


t»tCT 


ThraMln^ Stralaht 

3wath 

Swath Stratrtit 

data 

Iba/bu 


Ibs/bu 


Iba/bu 

1 

58.1 a^ 

57.6 a 

• ^ 


2/ 

59.2 a- 

58.1 b 

2 

57. b a 

57.9 a 

56.5 od 

57. b nb 

56.9 da 

57.3 ed 

3 

57 .b a 

57. b a 

56.2 d 

58.0 a 

55.2 g 

57.6 bo 

b 

57.0 a 

58.1 a 

55.3 a 

58.2 a 

55.2 g 

56.5 a 

5 

57.2 a 

58.7 a 

55.2 a 

57.0 be 

5b.b h 

56.3 of 

6 

56.7 a 

57.8 a 

Sb.2 r 

57.9 a 

5b. 3 h 

55*7 tg 


y Sao Tabla 2 for thrashing (hitaa* 

2/ Within a yaar, tast Might data followad by tha saaa lattar do not dlffar at 
~ the SI QMfldwfioa level. 
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Tabic 7» Sffcot of atubblo hai^t on p^in toat nai^t and puln 
(N) oone«itfation» 1980. 


atpb^lo tifitfit, li^ohaa 


Maaauronant I 

Taat Moi^t (Ibo/bu);^^ 55.0 bo 

Groin M, Wald (5) ,2/ 5/ 2.25 b 

Grain N, good (S) 2.26 ab 

Grain N, (biDagad (f) 3/ 2.52 b 


-i. 

oi. 

S^ndina 

55.5 b 

5«.8 0 

57 .? a 

2.32 b 

2.3t b 

2.52 a 

2.16 b 

2.K a 

2.^ a 

2.55 b 

2.40 0 

2.91 a 


1/ Within any row, raeasurament data followed by the sane 
ntM^r do not differ at the 5$ o<mfid«iM l^el. 

2/ Grain N oonoentratimi of kernela as throned in the field. 

3/ Grain N oonoentration of kernels not discolored or sprouted. 
5/ Grain N oonoentration of sprouted and discolored kernels. 

5/ Grain N tlnws 5.7 equals percent protein. 
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Tabla 8. Gnln niU'O^ ^i^Mriadna tetnaan aiNiLtiad and ^ralglit 

e<Mibiiia Btthoda of cutting bard red aprli^ tdMat. 



Threshing 

date 

Hwath 

% M 

straight 

^th 

t N 

Straight 

^ath 

% N 

Strai^t 

1 

2.82 bc^ 

2.79 bo 

• 


y 

3.37 a-^ 

3.47 a 

2 

2.93 ab 

2.95 ab 

2.30 

2.48 

3.37 a 

3.27 a 

3 

2.85 bo 

2.84 bo 

2.36 

2.54 

3.21 a 

3.38 a 

i| 

2.72 c 

3.09 a 

2.25 

2.49 

3.40 a 

3.26 a 

5 

2.77 bo 

2.86 be 

2.40 

2.70 

3.38 a 

3.27 a 

6 

Avg. 

2e8l bo 

2.96 ab 

h2k y 

2.32 b 

IM y 

2.52 a 

3.28 a 

3.49 a 


\/ See Table 2 for throwing da tea* 

2/ Hi thin a y^r, nltrogoi omeentration data followed by Uie a«M letter do not 
differ at the Sf oonfid«^ level. 

y Nitrogen concentration vma lower in the windrows than in the standing grain. 
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9* Ifftot of atuMilo hoight and throwing data on poroant dMaga to 
wheat grain* 1980. 



Thro^ina-'^ 

(teto 

JL 

poroant 

14 

Avoraao 

• y 





2 

9 f 

24 odo 

7 f 

13 d 

3 

27 od 

25 odo 

16 dof 

23 0 

t 

35 bo 

31 0 

12 of 

26 0 

5 

48 ab 

28 od 

23 odo 

33 b 

6 

^a 

4^ ab 


49 a 

Avorago 

34 a ^ 

30 a 

22 b 



1/ Soo Tablo 2 for throahing datoa. 

2/ Oataa: 8/25, 8/28* 9/5. 9/11, and 9/29 

\f Anong thoao throo eelunaa data followad by tho aant lattor do not 
differ at tho 55 o<mfid«noo lowol. 

4/ Within this eoluM, data followod by tho sano lottor do not 
" differ at tho 55 eonfldmeo lovol. 

^/ Within thia row, data followod by tho saoo lottor do not dlffor 
** at tho 55 oonfidomw lovol. 




T«bl« 10. P«re«at of ttorotli in bhrtahod gmin In 1900 and 1911 

aa affaotad by data amt naUied. 


- 1^2 1^1 

Hathod Hathod 


Thrtahliyi ^ 
teta 


Standing 

paroMt 

isi 

paroant 

Standing 

1 

- 

- 

t4^ 

9 bed 

2 

24 

12 

11 bo 

10 bed 

3 

25 

11 

11 bo 

8 od 

4 

31 

13 

14 ab 

7 od 

5 

28 

25 

19 a 

8 od 

6 

I& 

21 

12a 

bod 

Avaraga 

30 a 

17 b 

13 a2/ 

8 b 


1/ Saa Tabla 2 tor thraahinf tetaa. 

2/ Within a yaar« data of avaragas follouad by tha smo lattar do not diffar 
at tha 5% oonfidanoa laval* 

J/ Anong thaaa tuo eoluana, axeluaiva of tha avarag* valuaa, data fallowad 
by tha aana lattar do not differ at tha 5$ o<mfid«Mia laval. 


Tiblt U. Utttr eeiiQ«ntratl«i to tha smlii and atraw at thraatilfif aa affaotad hf 
euttlng aatoodi I9ll. 




1/ Saa Tabla 2 for thra^log dataa. 

2/ Statlstioally tha natar OMoantratlon did not dlffar in tha i^in w atraa 
"" within a givan harvaat. 

y Within thia row, data foUowad by tha aana lattar <to not dlffar at tha 51 
omfidMoa laval. 

4/ Within thia row, data followad by tha aana lattar do not dlffar at tha 51 
oonfidanoa laval* 


